Abstract Low Carbon Society (LCS) has emerged as a holistic approach to reduce carbon (C) emissions that result from human activities. Although there has been successful implementation of the LCS approach in some cities of developed countries, it is more difficult in developing countries like Thailand. The objectives of this paper are to present drivers and barriers affecting the abilities of three regional cities of Thailand to combine LCS activities with their strategies. Lessons learned from this study will allow for sharing these experiences with municipalities in other developing countries. This research was based on interviews of key informants representing state agencies and local public service associations. It was found that no particular driver significantly influenced local government agencies to implement LCS activities. Conversely, there were financial and managerial barriers to implementing (C) reduction activities. This paper identifies the need for more specific and tailor-made assistance to allow urban municipalities to shift towards LCS activities by considering their individual strengths and weaknesses. Moreover, stakeholders' understanding of the advantages of implementing LCS activities within locally governed areas was found to be critical for success. The paper concludes that climate change mitigation activities not only reduce greenhouse gas (GHG) emissions but also produce tangible benefits such as improvement the quality of life of people. Such an approach can motivate stakeholders to pursue LCS as a shared goal.
Introduction
Greenhouse gases (GHG) emitted by human activities are considered one of the major causes of climatic change (Smith 2006) . Among GHG mitigation approaches, the Low Carbon Society (LCS) approach is a holistic idea that calls for behavioral changes among people. Its goal is to reduce GHG emissions to levels that can be naturally absorbed (MOEJ 2007) . The LCS approach is particularly relevant for urban areas which have GHG emitting sectors in great numbers. Therefore, local government bodies managing urban areas have a leadership role to play in transforming urban societies to low carbon societies (APEC 2010) . There are several arguments to support the notion that local governments should be the point at which strategies are implemented to promote LCS concepts in developing countries like Thailand.
Developing countries are projected to be responsible for approximately 61 % of global GHG emissions by the year 2030 (Koh et al. 2011) . Recent studies focused on the potential of major sectors such as transportation and energy. However, we also need to clearly understand the challenges faced by local government in implementing climate mitigation strategies, especially in developing countries (Dhakal 2010) . Activities in cities are the major sources of GHG emissions. Mitigations strategies are best implemented through local governments. They have an official administrative duty to manage their city and work closely with local people. They have authority to convince local people to comply with LCS approaches and can efficiently solve problems that arise due to local circumstances (Grimmond et al. 2010; Larsen and Gunnarsson-Ostling 2009; Paung-ngum 2005; Orlansky 2000) .
Thailand is a rapidly developing country that will emit more GHGs in future if the present rate of urbanization and industrialization continues unabated. Thailand is ranked among the top 25 GHG emitting countries (NESDB 2009 ). The Royal Thai Government (RTG) has implemented several policies and pilot projects through its ministries and line agencies in order to reduce GHG emissions. In 2002, Thailand ratified the United Nations Framework Convention on Climate Change Kyoto Protocol as a 'Non-Annex 1' country. As such, it has the responsibility to reduce GHG emissions by 15-40 % by year 2020 (TRF 2010) . Several other measures were taken by the RTG. In 2008, the RTG created the National Policy on Climate Change Management as well as a National Strategy on Climate Change Management (NSCCM) which recognizes GHG emission reduction as one of its main strategies (NESDB 2009 ). The Thailand Greenhouse Gas Management Organization (TGO) was established in 2007 to promote and implement Clean Development Mechanism (CDM) projects and a (C) credit market in the country (TGO 2007) .
The RTG endeavors to stimulate local government actions to implement mitigation activities. The Office of Natural Resources and Environmental Policy and Planning (ONEP) in collaboration with Ministry of Energy (MoE) launched a pilot project under the NSCCM to enable some local governments to utilize their solid waste collections as alternate energy sources (NMT 2008; ONEP 2009) . Also the TGO initiated a pilot project to assess (C) footprints of local governments. In accordance with the Decentralization Act of 1999, the RTG transferred some authority to local governments. This authorizes local agencies to engage in projects such as environment and natural resource conservation as well as basic infrastructure development. In turn, may promote LCS objectives may be promoted. However, there has been no directive to compel local governments to respond directly with climate change mitigation. The RTG has taken several initiatives to promote LCS with local strategies, but these have been implemented by few of the local government bodies. This is because anti-poverty, food security, and urban infrastructure programs have higher priority than mitigation of climate change (Laukkonen et al. 2009 ). This is a major factor affecting implementation of LCS concepts in developing countries. Yuan et al. (2010) showed that LCS approaches have been developed by relevant agencies of developed countries including Japan, United Kingdom, and Finland. These countries have rather complete capabilities to promote this concept so that practical actions result. In the case of developing countries, integrating the LCS concept with local government strategies is not an easy task. Moreover, there are several complicating factors. This paper will present the major drivers and barriers affecting integration of LCS with municipal strategies. The most serious barriers and most important drivers will be presented. Recommendations will be made in the lessons learned section below.
Factors that affect the achievement of LCS goal at the local government level
The Low Carbon Society concept is a holistic approach that can help to efficiently control GHG emissions. Its measures are designed to encourage stakeholders to emit less GHG and do so at levels low enough to be absorbed by nature. In principle, there are four major strategies to accomplish the goal of developing a LCS. They are (i) changing peoples' lifestyles, (ii) using renewable energy and energy efficient devices, (iii) expanding green areas, and (iv) promoting LCS policies in conjunction with developmental policies. These activates should be applied at both local and national levels (APEC 2010; MOEJ 2007; Skea and Nishioka 2008) . However, it is necessary to seriously consider the factors influencing capabilities of local governments before beginning an LCS approach.
Drivers
Firstly, willingness of leadership is an extremely important driver of policy decision making in both public and private organizations (VijayaVenkataRaman et al. 2011; Stephens et al. 2008) . Burch (2010) highlighted that a leader always transfers his or her interests into concrete actions. Conversely, lack of interest is a serious barrier (Lorenzoni et al. 2007) . In this way, if a mayor has a strong determination for GHG reduction, he or she will impose measures as instruments to stimulate local officials to comply with the LCS approach (Hillmer-Pegrama et al. 2012) . Also, a central government has authority to manage the actions of all stakeholders in reducing GHG (Tompkins and Adger 2005) . It can also warrant that long term actions will be sustained (Byrne et al. 2007 ). National incentive policies can be a tool to encourage public organizations at all levels to engage in mitigation approaches (Hardoy and Lankao 2011; Oliveira 2009) . In this paper, we examine to two incentive policies for local governments. The policies are financial incentives and technology transfer policies.
Local governments are responsible for many functions while they have limited budgets (Roy 2009 ). Consequently, central government subsidies are essential in order for local governments to purchase high cost items such as modern machinery (Byrne et al. 2007 ). Central governments can use international financial support at local government levels (Rübbelke 2011) . They also can provide financial incentives for private sector purchase of modern machinery (Zhang and Maruyama 2001) . Through technology transfer, central governments can link technology of developed countries to their stakeholders at all level of government (Lybbert and Sumner 2012; Rübbelke 2011) . This is one way that capabilities of organizations can be developed to mitigate GHG (Tompkins and Adger 2005) .
Lastly, coordination among stakeholders is a crucial element for formulating mitigation policies (Liu and Deng 2011) . This approach considers of all dimensions from international to local level stakeholders and includes all sectors in society (VijayaVenkataRaman et al. 2011; Laukkonen et al. 2009 ). Hardoy and Lankao (2011) suggested that public service organizations could participate in formulating climatic change mitigation policies with local government. Universities can also help municipalities to adopt climatic change mitigation policies (Hillmer-Pegrama et al. 2012 ).
Barriers
Although there are some drivers that influence the adoption of LCS approaches by municipal organizations, barriers to their adoption need to be considered. In this paper, barriers to adoption of LCS programs can be grouped into four types based upon the perspectives of Roy (2009 ), IPCC (2007 and Winkler et al. (2007) . The four barriers are financial, technological, social, and managerial.
Financial barriers are linked to technological issues. Machinery used in the LCS approach is expensive (Becken 2005; Vadas et al. 2007) . Insufficient financial resources to cover high investment costs coupled with lack of incentive policies can constrain both public and private organizations in developing countries (IPCC 2007; Betsill 2001; Vadas et al. 2007; Kheshgi et al. 2012) .
Applying low (C) technology is a major component of the LCS approach. However, low (C) and energy efficient technologies are not available in developing countries. This is because they have insufficient knowledge to invent such low (C) technologies. Thus, they have to import those technologies from developed countries. Such technology is extremely expensive. This discourages organizations and government agencies in developing countries from acquiring equipment for low (C) technology projects (Roy 2009; IGES 2008) . Furthermore, it is difficult for local government agencies to utilize complicated programs that require technical skills (Bader and Bleischwitz 2009) .
Social barriers are primarily the attitudes of people about the importance of climatic change mitigation (Winkler et al. 2007; Jaber 2002) . Efficient mitigation policy cannot be formulated if politicians place little importance on climate change mitigation. Moreover, strong cooperation among local governmental agencies is crucial for implementing local mitigation activities. Typically, local officials do not respond well because of their working styles. Local officials prefer to perform routine duties (Burch 2010; Wang et al. 2007; Fleming and Webber 2004) .
The last limitation of local government is the managerial barrier. It arises from poor organizational management. Local government agencies are not equipped to redevelop administrative systems such as human resources management. This directly impacts their abilities to develop local climate policies and activities (Wiruchnipawan 2003; Betsill 2001) . Local policy makers lack information about mitigation approaches and implementation of these activities within urban communities (Fleming and Webber 2004; Oberheitmann 2012) . Local officials perceive their work load as great. So, local planners consider this mission a minor priority (Oliveira 2009 ). However, governmental policies on climatic change can cause local governmental agencies to treat GHG emission as a serious problem (Jaber 2002; Winkler et al. 2007 ). Thus, without national policies addressing mitigation efforts, stakeholders can become discouraged from participating in this global effort (Garbuzova and Madlener 2012) .
Data and methodology
The authors conducted this study in selected municipalities at the second tier of local government hierarchy in Thailand. These are called Nakhon Municipalities. It was presumed that the second tier municipalities face barriers to implementation of action plans for climate change management in general and LCS in particular. However, it was discovered that some municipalities have implemented a few projects to achieve the goal of LCS based. They are scattered all over the country. Among them are the Rayong Municipality (RYM) in the Eastern region, Khon Kaen Municipality (KKM) in the Northeastern region, and Chiang Mai Municipality (CMM) in the Northern region (Fig. 1) . They are well known in Thailand for good environmental management practices and GHG mitigation actions. Accordingly, RYM, KKM and CMM were selected for the empirical part of the research to examine the drivers and barriers that affect the adoption of LCS by the second-tier local government bodies in Thailand. It could be argued that the researchers should have selected municipalities that struggle to implement any action at all. This was done because a goal of the current study was to derive benefit from the past experiences of municipalities that already implemented (C) mitigation projects. Their achievements could be used to guide and inspire other local government bodies in the lower tiers.
Data collection
Data was collected from the three municipalities discussed above (RYM, KKM, and CMM) over a 3 month period. Municipalities were selected that implemented (C) mitigation programs in collaboration with other government agencies and public service organizations. Key informants are persons working within the local government agencies, relevant government organizations and public service organizations selected for data collection. This was done in each of the selected municipalities. The first two categories of key informants represent the state and they were drawn from the respective municipalities and the collaborating government agencies such as Provincial Environment Offices, and Provincial Energy Offices. They are elected representatives, civil service administrators, and directors of municipal schools, and senior bureaucrats and technocrats. The rest of the key informants The selection of key informants was limited to those directly engaged in (C) emission reduction activities in their respective municipalities. A total of 110 key informants were selected from the three municipalities. Of these, there were 36 from RYM, 36 from KKM and 38 from CMM. The three groups of key informants were treated as a single sample containing three subsets. It is emphasized that the focus of the current research is on the similarities and dissimilarities of the drivers and barriers affecting the three municipalities. The research did not attempt to investigate the similarities or dissimilarities of the perceptions between the respondents representing state agencies and community activists. All key informants responded to the same set of questions. The questionnaire focused on the respective municipalities and their activities towards achieving LCS goals. Secondary data was collected from the development and strategic plans of the three municipalities. Focus groups with local community leaders, NGO representatives, academics, and participants from government agencies were done using structured questions. Municipalities meetings related to LCS activities were attended to collect further data.
The questions and variables
There are four types of barriers that affect implementation of LCS activities (Roy 2009 , IPCC 2007 and Winkler et al. 2007 ) These are economic, technological, institutional, nontechnological in nature. The variables in each group of barriers were derived from a literature review and from a pre-study survey. All questions asked the respondents about the extent to which individual barriers influence integration of LCS activities with municipal strategies. Responses were on a scale of 1-5 corresponding to the following: 5 = Very much, 4 = Much, 3 = Neutral, 2 = Low, 1 = Very low.
Moreover, we created a group of questions for structured interviews from the major objectives of the study. The interview questions were created to focus on the opinions of key informants from all groups. Persons interviewed held positions such as Vice-Mayor, Division Head, Provincial Directors of various governmental agencies, NGOs, and community leaders. Interviews lasted for approximately 40-60 min. The questions examined the capabilities of local government agencies, existing environmental conditions, and prospective approaches. The questions were as follows: Calculations based on the data of local development plans, NESDB 2010, TAT 2010 not only from solid waste but also from transboundary air pollution from burning green waste in adjacent rural areas. Waste water is also a serious problem for this city particularly at the MaeKa Canal, a major waterway in the city. Rush hour traffic congestion is a very serious problem in CMM. Thus, CMM works to solve these problems using various strategies. One can say that traffic especially rush hour is a serious problem for the three cities (CMM 2010). Both KKM and CMM have plans to enhance their mass transit systems to address traffic congestion. 
The Asian Institute of Technology and ADEME conducted a project called Bilan Carbone to help RYM and CMM to determine the amount of CO 2 emitted by their activities and properties. Bilan Carbone is a software package developed by French Environment and Energy Management Agency (ADEME). Derived information was used to develop measures to reduce the amount of carbon dioxide (CO 2 ) released.
The CO 2 emissions of three selected cities from two major sectors were examined. These sectors are waste management and electrical consumption. The data of other sectors such as transportation were not available. The amount of CO 2 expressed in equivalent tons (eq.) was determined using Bilan Carbone software. Table 1 presents the CO 2 eq. resulting from electrical consumption for each of the municipalities. CMM emitted the highest CO 2 eq. This KKM and RYM followed in descending order. This is because CMM has the largest population so its electrical consumption was greatest. RYM is the smallest city among three selected cities in terms of population and area and therefore emitted fewer tons of CO 2 eq. than the other two cities.
CMM also emitted the highest levels of CO 2 eq. by waste sector followed by KKM and RYM in descending order. CMM is a center of business, tourism, and education in the Northern region. This causes generation of large amounts of waste and CO 2 emissions. The demographic conditions of KKM in the Northeastern region are somewhat similar to CMM. Its CO 2 eq. emissions were the second highest (84,315 t of CO 2 eq.) of the three cities. RYM emitted the lowest emission in terms of tons of CO 2 eq. emission from the waste sector and from electrical consumption.
The data of Table 1 and the environmental problems of three cities mentioned above suggest strategies and projects to solve pollution problems and conserve natural resources. Several things have already been done to promote climatic change mitigation. Major strategies and projects relevant with LCS activities are presented in the Table 2 .
Only a few of the projects in Table 2 are city-wide initiatives. The rest were implemented in few communities, municipal schools, and selected sectors. The campaigns to promote 3R principles (Reduce-Reuse-Recycle), reducing energy consumption, and planting trees are the most common activities in the three cities to promote changes in people's behavior. There are no comprehensive projects implemented in any municipality to change people's lifestyles. This is a very challenging task for any municipality. All three municipalities actively engage in harnessing renewable energy and improving energy efficiency in municipal buildings and transportation. None of them have modern and clean public transport systems. City greening activities may not adequately contribute to (C) mitigation unless sizeable areas of land in the municipalities are converted to green spaces. RYM and CMM have already some LCS approaches into their respective urban development strategic plans. However, LCS approaches have not holistically formulated in any of the three cities. This is because there are existing limitations constraining local governments. These limitations are discussed below.
Drivers influencing the adoption of LCS concepts
The discussion above indicated that the selected municipalities have several initiatives which contribute to the achievement of LCS goals. It was necessary to determine factors influencing municipalities and stakeholders in implementing LCS programs. The researchers consulted key informants (i.e., individuals) representing the state and public service organizations in order to determine these factors. Their responses are summarized in Table 3 . It was found that seven drivers were instrumental in influencing municipalities. However, none of them were strong drivers as indicated by WAI of 0.5341 to 0.5773. This means that these factors have moderate influence on implementation of (C) emission reduction activities by municipalities.
Transfer of new technologies by national and international agencies is the highest ranked driver (0.5773) for implementing LCS initiatives. However, technology transfer did not influence the three municipalities to the same degree as indicated in Table 3 . It was observed that RYM and KKM did receive technological support from the Energy Policy and Planning Office (EPPO) for implementing their alternative energy projects, i.e., conversion of plastic waste to synthetic oil. RYM and KKM received support from a private company in Europe through this program. However, CMM did not receive any such technological support. In addition, EPPO negotiated the price for acquiring the technology and subsidized a portion of the cost for RYM. KKM did not receive this subsidy. However, KKM plans a public-private partnership to acquire this technology. EPPO's strategy to provide technology at the local level produced positive results as indicated by significant statistical difference between those two municipalities. CMM did not experience such technology transfer.
These findings reveal that incentive policies motivated local politicians in RYM and KKM to enthusiastically collaborate with EPPO. Such projects help them to resolve municipal solid waste management problems thereby improving the environmental quality of their cities. Mitigation of (C) emissions is a co-benefit for them. This finding highlights that a co-benefit approach is an effective strategy for stimulating municipalities to conduct LCS projects as discussed by Laukkonen et al. (2009) . The finding confirms that incentive policies are significant drivers because the first and second ranked drivers of monetary and non-monetary incentive policies.
Political leadership is a significant influencing factor for any local government. Table 2 indicates that visionary political leadership was the third most important influencing factor for implementing LCS activities in RYM and CMM. The mayor of RYM promoted environmental quality improvement strategies in the municipal area because of concern about transboundary pollution from Map Ta Put industrial estate, a well known source of environmental pollution in the country. In CMM, the mayor took a leading role in promoting environmental quality improvement strategies to make the city a more desirable tourist destination. Analysis of data suggests that the vision of the mayors of RYM and CMM was Although there were no significant differences among respective WAI values, knowledge and inspiration received through workshops, site visits and role models (0.5361) were slightly more influential than the policy directives issued by government agencies (0.5342), and the competitions organized by them to reward clean and green communities (0.5341). Among the three municipalities, RYM was the most driven by the policy directives and guidelines of government agencies. This is reflected in Table 2 by the greater number of strategies and (C) mitigation initiatives.
Overall, none of the seven drivers showed similar influence among all three municipalities. Pair-wise comparison of WAI values using the LSD test indicates similar influence of the respective drivers when comparing two municipalities but not in all three municipalities. The highest incidence of similarity is noted between RYM and CMM against five drivers. However, the inference of this finding is that no particular driver influences all local government bodies to implement (C) emission reduction activities.
Barriers affecting the adoption of LCS concept
Although several (C) emission mitigation initiatives were launched, they were confined to communities and organizations as discussed above. The reasons are that these initiatives were not replicated throughout entire municipalities is unclear. In an attempt to clarify this issue, key informants' opinions regarding the barriers that affect adoption of LCS approaches are presented in this section. The summary results of data analysis are presented in Table 4 . It shows that there are the four types of barriers. All types of barriers seem to be highly significant (0.6100-0.8000), affecting the adoption of LCS approaches in the three municipalities. Among them, financial-economic barriers are the most significant, followed by institutional managerial barriers, social barriers, and technological barriers, in descending order of severity.
Financial-economic barriers
Among all the financial-economic barriers, inadequate municipal budget to acquire greener and cleaner technologies is the most highly influential (0.8073). This was because the central government must supply 35 % local governments' budget according to the Decentralization Act of 1999. However, only 26.77 % is now provided. Local governments have to rely heavily on revenue transferred to them by the central government. Local governments have the authority to collect taxes amounting to approximately 9 % of their total revenue. The remainder is assigned by the central government in the form of grants in aid and revenue transfer (NMT 2012). Moreover, local governments spend an average of 43 % of their budgets on administrative costs. The remainder is used for capital and special expenditures. Considering their functions (developing basic infrastructure, planning for investment and tourism, and conserving natural resources and environment) and there is always a revenue shortfall.
In the case of grants in aid, local politicians with good relationships with national politicians or strong national government lobbies can lead to receipt of larger portions of their budgets from the central government. Local government enjoying no such relationships cannot access funds, even if they have good projects to implement. Due to non-transparent purchasing processes, some local governments and private companies may misappropriate funds when tendering project bids. This is a fundamental problem at local levels (Wongpreedee 2012) . As such, the central government must manage projects with high investment costs to prevent corruption at local levels. Moreover, municipalities must obtain approvals for their expenditure plans by at the provincial level by their governor. So municipalities do not have the independence to invest in high cost projects. This represents a significant financial. For this reason, investment in low (C) technology special projects is beyond the financial capacity of most local government bodies in Thailand. Table 3 shows that technology and financial incentives were the most influential drivers to implement LCS activities in RYM and KKM. Table 4 reveals that financial-economic barriers are the most significant in influencing acquisition of low (C) technologies for these municipalities. In the case of CMM, which has not received any financial incentives, financial barriers are the most serious as indicated by its WAI score (0.8316). The multiple comparison of WAI indicates that CMM's experience was significantly more severe than for RYM and KKM. Table 3 also reveals that the cost to replace existing machinery, appliances with more energy efficient ones is not feasible for the municipalities of the current study (0.6836). If financial barriers are so severe for these municipalities, other municipalities not having such favorable conditions face barriers face even greater obstacles.
Institutional-managerial barriers
The second most serious barrier is institutional and managerial constraints. Insufficient direction and guidance by national authorities to transform policies to local actions was attributed as an external barrier by the respondents. A WAI value of 0.6855 indicated it was a highly influential barrier to implementing LCS activities in the municipalities. Simply stated, the survey respondents representing governmental agencies did not have requirements to implement national climatic change mitigation policies in their jurisdiction. Lack of strong direction from national authorities reflects the absence of enabling policies and procedures within these municipalities. This factor was found to be highly influential (0.6804). It suggests there are both local external and internal institutional barriers that affect the implementation of LCS. Lacking LCS policies by local authorities, responsibility for implementation of LCS activities will not be accepted by any particular division. For example, KKM was a partner of the Khon Kaen Declaration on Low Carbon Cities (LCC) since 2009. However, KKM has not yet adopted any explicit strategies to become a LCC. Politicians in KKM are more interested pursuing the goal of being economic hub of the Northeastern region. In the RYM where several (C) mitigation projects have been implemented, there was no internal policy consistent with LCS goals to direct its officials. As revealed in interviews with key informants, overall improvement of environmental quality of RYM is its priority but not specifically through (C) mitigation. This is true of CMM as well. This means RYM and CMM just implement the projects to address natural and environmental conditions with the functions transferred to them from the central government. In this case, the major objective of such projects is not for climate change mitigation and there is no policy framework explicitly formulated for these two cities to engage in LCS projects. However, RYM and CMM have formulated a greater number of strategies and projects related to LCS than KKM. In all municipalities, urban environmental quality management is a routine task distributed among the divisions.
As Wiruchnipawan (2003) discussed, municipal officers generally will not accept new responsibilities in addition to their routine tasks. Poor coordination between municipal divisions is a strong internal barrier to implementing collaborative LCS activities. This extends to a state of poor coordination between municipalities, communities, and other stakeholders. It is the collective perception of the respondents that lack of coordination within their municipality and between their municipality and the stakeholders severely inhibits adoption of LCS approaches. This perception is reflected by a WAI of 0.6436 and in pair-wise comparisons. The relations between RYM and CMM as well as between KKM and CMM are statistically similar.
Moreover, the lack ability to lead other stakeholders in municipalities is a barrier in RYM and CMM as well. These two municipalities are well regarded within the country for their environmental stewardship. The above finding implies that both political and technical leadership are critical for successful transformation into LCS.
Social barriers
Findings reveal that climatic change mitigation is not an issue that is well understood by ordinary people. This leads to their collective inaction. This is the most influential social barrier affecting the adoption of LCS activities by local authorities as indicated by WAI (0.7218). Community leaders place less priority on LCS activities when community members are not enthusiastic about participating in (C) mitigation. Attitudes about climatic change influence peoples' actions on adopting or rejecting mitigation activities (Winkler et al. 2007 ). Research findings confirm this assertion. Moreover, they reveal that public service organizations and their political leaders pay less attention to implementation city-wide activities. Such attitudes are a significant barrier (0.6400) to CO 2 reduction activities. This finding also explains the stumbling block for scaling up successful community-based environmental management activities to city-wide activities. For example, only 15 out of 90 communities in KKM actively collaborate in the municipality's recycling project promoting separation of solid-waste at its source. Lack of participation by major communities has become a barrier at the very first step of the process. Participants revealed that community members do not actively participate due to a variety of reasons. These included insufficient personal/financial benefits from waste separation at source, lack of spare time for community activities, attitudes of "why we should do the waste handlers' work" among the entire population, and an "it is none of our affair" attitude of unregistered people who account for 30-40 % of the total population in each municipality. These were the most common reasons for non-participation by the community members.
Findings also reveal that peoples' reluctance to sacrifice their personal comfort is a significant barrier (0.6382) to promoting activities for energy saving. No dissimilarity was observed among the three municipalities regarding this issue. Pair-wise comparison of WAI values indicated that social barriers faced by RYM are significantly less that when compared to KKM and CMM. This situation can be attributed to the relatively small size of RYM. In contrast, KKM and CMM do not show significant differences in social barriers. Overall assessment of WAI (0.6604) indicates that social barriers significantly influence the adoption of LCS approach in all three municipalities. The inference of this finding is that community based or stakeholder focused activities for (C) emission reduction need to be augmented by more effective persuasive strategies and tangible incentives.
Technological barriers
Utilizing low (C) technologies is one of the major strategies for LCS approaches. Financial barriers for acquiring necessary equipment and technologies are discussed above in Section 6.1. This section discusses the technological barriers related to their operation and maintenance. The respondents revealed that insufficient ability to operate and maintain low (C) technological devices was a significant barrier (0.6436). For example, gasification technology (turning bio-degradable waste to energy) installed in RYM was not operating during the field survey for several reasons. Although, its operation is not complicated but technical staff were not capable of making repairs when breakdowns occurred. Secondly, they have to rely on the private companies that possess patents/franchises for those technologies for any major maintenance or repair task. Thirdly, repairs and maintenance of patented machinery cannot be made by their staff. RYM installed technology to demonstrate its environmental responsibility without the goal of financial gain. Still maintenance and repair accosts were their greatest burden. For similar reasons, Phitsanuloke municipality in central Thailand abandoned their mechanical-biological waste treatment system which was based on a patented technology transferred Europe. This discouraged other municipalities from venturing into acquisition of advanced and cleaner technologies. Survey result show that doubts about the appropriateness and efficiency of greener technologies to solve local environmental problems was a moderately influencing technological barrier (0.6091).
Lack of access to energy efficient appliances and cleaner technologies was a significant barrier, especially for CMM (0.7263). Unlike RYM and KKM which benefitted from technology transfer facilitated by EPPO, CMM has not had access to any local or international source of low (C) technologies. This situation is evidenced by the soft kind of interventions implemented by CMM, as seen in Table 2 . According to the pair-wise comparison, RYM and KKM are only moderately affected by the lack of access to energy efficient appliances and cleaner technologies. The overall assessment confirms that CMM is more affected by technological barriers than either RYM or KKM. The findings suggest that any technology transfer should address four aspects of technology: 1) Technoware (object embodied technology), 2) Humanware (person embodied technology), 3) Infoware (document embodied technology) and 4) Orgaware (institution embodied technology) (Sharif 1987) . This should be done so that municipalities have competencies to handle technology-driven strategies for LCS projects.
According to the overall WAI assessment for each municipality, CMM benefitted least from external development partners and seem to experience more financial-economic and technological barriers than did RYM and CMM. In contrast KKM, which did not demonstrate strong state-society relationships, seemed to experience more institutional-managerial and social barriers than the other two municipalities. RYM, a small municipality with a visionary political leadership and strong relationship between communities, stakeholders and public service organizations, seem to be least affected by the four types of barriers. This condition was evident from the lower and significantly different values for WAI assessment for the four types of barriers. It can be concluded that none of the four types of barriers affected the three municipalities in the same way.
Lessons learned
This article presents the drivers and barriers influencing integration of LCS activities with strategies of three selected second-tier urban municipalities in Thailand. It also presents the current conditions relevant to the capabilities of local government in a developing country attempting to assume responsibility for (C) mitigation by applying LCS principles. Under the influence of drivers and limitations, there are some points of view that are useful in local contexts for the other developing countries.
First, governmental policy directives and guidelines on LCS activities are the least influential while financial subsidies and transfer of technologies are the most influential drivers. These findings imply that governmental policy directives should be coupled with technology transfer and financial incentives in order to improve the effectiveness of implementing national climatic change policies at local levels. Without such incentives, the authorities and stakeholders of the local government bodies are unlikely to engage in self-driven and community-based environmental quality improvement initiatives with the goal of developing an integrated set of actions to achieve a LCS.
Regarding financial incentives and technology transfer, low (C) technological machinery is expensive and difficult to maintain. Subsidies are a suitable method to stimulate local governments and stakeholders to pursue such technological solutions. However, it is essential to consider the existing capabilities of local governmental agencies. Not every local government receiving assistance can succeed in use of low (C) technological machinery. As observed in RYM, there are several problems regarding management of these types of projects. In RYM, malfunctioning machinery could not be repaired. This was due to a lack of technical knowledge and documentation. One can conclude that this was not a worthy investment because such modern machinery could not be utilized. Public private partnerships (PPP) or outsourcing is another suitable method to help local government to handle projects like these. It was proposed in an earlier study (IGES 2011 ) that PPP could positively affect management of decarbonization projects. For example, CMM contracted with a private company to eliminate solid waste within its municipality. The same company also operates and maintains gasification machinery relieving CMM of potential operational risks.
Market mechanisms are another tool to help support PPP techniques. This technique can be used stimulate interest of private companies to participate in municipal projects. In Thailand, TGO promoted a (C) credit market to inspire organizations to engage in mitigation activities. This seems to be an important method by which the central government can use as a market mechanism. Benefits for such private companies are necessary as discussed in earlier work (Hall and Wreford 2012) . However, the attitude of private sector toward the government agencies can be different by countries or regions. This is depend on how supportive the local law and regulations would encourage the cooperation between both parties. Also, the operational nature of public sector is basically procedure-oriented, instead of goal oriented of private sector. This is because the governmental operational procedures must be strictly abided by the laws and regulations. Otherwise, the lawsuit or disciplinary actions are subjected to be administered which could result in severe damage in term of both financial and non-financial aspects.
Local governments in the same region could work together in special districts. This could produce large scale benefits for many municipalities. Low (C) machinery such as gasification and polymer technology needs sufficient raw materials to operate efficiently. Special districts can efficiently accumulate enough raw materials for operation of such machinery (King Prajadhipok's Institute 2007; Senate Local Government Committee 2010). However, the operational culture of each individual municipality must be highly in consideration. This would affect the success of the collaboration among municipalities since the difference in the individual municipal capability would affect the performance of entire municipal collaboration which will eventually affect the quality of citizen service delivery.
The research findings also reveal that other technology-related barriers exist such as lack of technically competent staff (i.e., humanware), insufficient access to patented technological information (i.e., infoware) and, weaknesses in the organization structure of the municipalities (i.e., orgaware). These highly influenced the adoption of LCS agendas in the three municipalities of the current study. To overcome these problems, stakeholders need to assist local government agencies to undertake LCS activities. Hillmer-Pegrama et al. (2012) suggested that universities have their own knowledge of (C) mitigation that can useful to local government agencies. Moreover, academic institutions have capabilities to link funds from international organizations to budgets at local levels. For example, the Asian Institute of Technology in conjunction with ADEME initiated the Bilan Carbone project with RYM and CMM. These institutes contributed a portion of money and knowledge for RYM and CMM to conduct this project. The Bilan Carbone project helped two municipalities to determine the amount and the major sectors of GHG emission by their activities. Then, the cities found suitable ways to reduce GHG emissions. However, local government efforts are needed to encourage their officials to work with external agencies. Rewards and incentives have been used in the past to encourage local officials to work towards these goals (Kwon and Jang 2011) . This can positively affect the situation to attract the assistance of other the stakeholders.
The research confirms that not only technically competent staff but also visionary and supportive community leadership are critical for successful LCS transformation of societies. Political determination is a strong variable influencing the adoption of climatic policies (HillmerPegrama et al. 2012; Winkler et al. 2007 ). However, not every local politician is interested to climate change issues and political will is low mostly in many developing countries (Dhakal 2010) . It is also difficult to compel political leaders to accept LCS initiatives because there is no directive requiring them to do so and there are other public services that they consider important than climate change issues (Dulal and Akbar 2013) . In reality most local government agencies are poorly managed, have weak organizational structure and lack financing.
Our study found that local governments that face serious environmental problems such as air pollution and solid waste are more likely to engage with climatic change mitigation activities than those not faced with such problems. Thus, local leaders are somewhat familiar with and interested in the issue of climatic change mitigation. They are likely to formulate specific strategies and implement activities consistent with (C) mitigation. Streimikiene et al. (2012) suggested that to develop climatic change policies, the first step should be to assess local themes and relate them to climatic change. Solutions to both can be promoted simultaneously. In this way, interest in climatic change issues among local leaders can be motivated.
Lastly, promoting the principle of multiple benefits of climate change mitigation in developing countries is another advantage at local level. Kousky and Schneider (2003) asserted that local governments are primarily driven by the potential for realized or perceived co-benefits, such as cost savings, rather than by state pressure. Such approaches can reduce GHG emissions and give benefits to people, especially the vulnerable groups in society (Laukkonen et al. 2009 ). However, creating local government policies that derive co-benefits for (C) mitigation and sustainable development is not easy. University assistance is not enough to help municipalities in this regard. The current study suggests promoting participation of community and public service organizations is necessary in municipal planning to formulate this kind of policy. The current study and that of Kaewhanam (2012) found that KKM has one of the highest rates of stakeholder involvement in municipal planning processes. Stakeholders realize satisfaction in their participation. Hardoy and Lankao (2011) suggested that stakeholders can share experiences that contribute to (C) mitigation policies. However, Thailand is democratic. The citizen participation is highly encouraged in all level of governance. For example, the public hearing regarding the government mega projects which will significantly impact citizen. Hence, the degree of citizen participation could be different by countries, depending on the political culture, social contexts, and citizen's literacy rate.
Conclusions
Local government units works closely with their constituents. In doing so, they can respond to local and global needs. Climatic change mitigation is one of the latest responsibilities of local governments in developing countries. However, most local governments give much more attention issues of their local economy and basic infrastructure than to climatic change mitigation. Simultaneously, they are confronted by limitations that affect their abilities to integrate LCS approaches with their strategies.
There are four major conclusions resulting from the current study. Firstly, the major barriers can be classified into four groups. These are financial, technological, social, and managerial barriers. Secondly, the most serious group of barriers is financial barriers. Managerial, social, and technological barriers are respectively of descending severity. Thirdly, there is a group of drivers promoting implementation of LCS approaches by local governments. The drivers are incentive policy (finance and technology transfer), political willingness, support of community leadership, and policy directives. Lastly, the most important driver is incentive policy from the central government (finance and technology transfer). This is because central governments can apply these kinds of measures as tools to encourage local governments to participate in LCS activities. This is particularly useful for projects requiring high levels of investment.
This study suggests that PPP or outsourcing techniques can help alleviate the financial and technological limitations of local government for high investment projects. The role of public service organizations and communities in policy decision making processes reinforces the ability of local governments to formulate LCS strategies in accordance with local and global needs. The authors recommend that focusing on local themes relevant to (C) mitigation and promotion of climatic change mitigation policies that have co-benefits can be effective instruments to inspire local planners to integrate LCS measures with municipal strategies. The authors believe that the details presented here will be useful to those interested in reducing CO 2 emissions and modifying to (C) mitigation strategies at city level. Moreover, the local contexts of each individual city must be highly in consideration.
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